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increased greatly by the fifth day. Samples of these hays tested by Dr J Pepys at the Institute for Diseases of the Chest against 16 sera from farmer's lung patients showed that the characteristic antigens of farmer's lung hay were present as early as the first day after baling, and reached a maximum by the fourth day. Serological tests with a variety of hay samples treated in different ways eventually led to the incrimination of two streptomycetes, Thermopolyspora polyspora (? Micropolyspora sp.) and to a smaller extent Micromonospora (Thermoactinomyces) vulgaris, as potent sources of the characteristic antigens.
Moistening normal hay in Dewar flasks was followed by self-heating and development of a microbial population dependent on the initial humidity. Maximum temperature, quantity of T. polyspora and numbers of sera with which extract reacted was reached at 40 % moisture content; wetter hay had more M. vulgaris.
The thermophilic organisms of mouldy hay, including T. polyspora, can develop in unsealed tower silos used for the recently introduced process of storing moist, unripe barley grain and they must be regarded as a potential hazard to workers in contact with the dust.
Because the spores of the streptomycetes are small (approximately 1 C diameter and about the size for maximum penetration and retention in the alveoli) protection will not be obtained from a simple gauze mask, and efficient dust respirators are necessary when working in highly contaminated atmospheres. Methods exist for accelerating hay drying, and for preserving grass by alternative means, on which the farmer can seek information from the National Agricultural Advisory Service. Dr Hypersensitivity disorders affecting principally the peripheral gas exchange tissues of the lungs, and associated with the appearance in the serum of precipitating antibody, are typified by farmer's lung. A disorder with modes of onset, and systemic and pulmonary manifestations similar to farmer's lung may follow the inhalation of the dust of avian excreta (Barboriak et al. 1965 , Reed et al. 1965 ). This condition has been observed in 7 pigeon and 5 budgerigar fanciers and has been called bird breeder's (fancier's) lung (Hargreave et al. 1966) . While an acute onset with symptoms developing five to six or more hours after cleaning of the pigeon lofts occurred chiefly in the pigeon breeders, an insidious, and probably more dangerous onset, occurred chiefly in the budgerigar fanciers. This difference probably reflects the intermittent heavy exposure in pigeon breeders and the more continuous exposure to low concentrations of antigenic dust in budgerigar fanciers. Pulmonary function tended to be more severely impaired in the latter and 2 showed the features of advanced pulmonary fibrosis.
Precipitins were found in the sera of all the affected subjects against antigens in the sera and extracts of the droppings of the birds. No precipitins were found in the sera of healthy individuals (20) or from cases of farmer's lung (35), old pulmonary tuberculosis (22), aspergilloma (20) and sarcoidosis (20) in whom the history of contact with birds was not known, but they were present in 2 out of 18 patients with sarcoidosis and 2 out of 12 patients with diffuse fibrosis who were also bird fanciers, and in at least 1 of 20 apparently healthy pigeon fanciers.
Skin testing by the prick technique gave positive immediate reactions in half the patients. Intracutaneous tests, however, gave not only immediate but also late reactions in nearly all patients. These are like the dual reactions obtained in patients with the allergic form of pulmonary aspergillosis when skin-tested with potent extracts of Aspergillus fumigatus. The late reaction developed within two to three hours, was maximal at seven to eight hours and then began to resolve. Because of its association with the presence of precipitins this reaction is regarded as being of the Arthus type.
Inhalation tests with sterile pigeon and budgerigar serum and with extracts of the droppings produced in all the affected subjects a farmer's lung type of reaction consisting of a rise in temperature after six to seven hours with the pulmonary symptoms and signs and the pulmonary function changes indicative of a reaction in the peripheral gas-exchanging tissues. NO reactions were provoked in 3 normal patients and 3 with other lung disease.
Reed C E et a!. (1965) J. Amer. med. Ass. 193, 261 Mr A Mackenzie (ARC Institute for Research on Animal Diseases, Compton, Newbury, Berkshire) Fog Fever in Cattle The disease of cattle commonly known in this country as fog fever was discussed by Sellers (1963) under the title 'atypical interstitial pneumonia of cattle'. Recent analogies with farmer's lung in man have perpetuated the term 'fog Section of Clinical Immunology and Allergy 1009 fever', a tendency that seems inappropriate not only because of misleading connotations in the name itself but also since this term has been used loosely to cover a clinical syndrome of respiratory distress and emphysema which may have more than one etiology and which may arise in a variety of circumstances. In this context the word 'fog' refers not to atmospheric conditions but to the sccond growth of grasses called fog, foggage or aftermath, grazing of which is associated with outbreaks of the disease.
The names fog fever (clwy'r adlodd) or fog sickness were used in reports of a disease from Wales, Hereford and Yorkshire (MacLean 1948, Barker 1948 , Leslie 1949 , which appeared identical to acute interstitial pulmonary emphysema of cattle reported from Scotland (Begg & Whiteford 1948) . In the United States and Canada the same condition is referred to as acute bovine pulmonary emphysema (ABPE) (Schofield 1948 , Tucker & Maki 1962 ) although some workers have preferred the term atypical interstitial pneumonia (Blood 1962) . A similar disease has been recognized for many years in various parts of Europe and is known by names such as marsh pneumonia (Michels 1865) , cystic pneumatosis (Ronca 1924) , emphysematous pneumo-lymphoadenitis (Businco 1926) , acute lung emphysema ('longjacht') (van Gils 1951), Ronca's disease (Marcato 1961 ) and chronic interstitial pneumonia (Uri pneumonia) (Fankhauser & Luginbuhl 1960) . Pulmonary adenomatosis is used, especially in the United States, to describe a closely related disease in which alveolar epithelialization is the predominant histological lesion (Monlux et al. 1953 , Seaton 1958 ) and similarly the term bronchiolitis fibrosa obliterans was coined on a histological basis. Proliferative pneumonia (adenomatosis), verminous proliferative pneumonia, bronchiolitis obliterans and acute pulmonary emphysema have been grouped together as the 'new pneumonia complex' (van Kruiningen 1962) , reflecting a general tendency for considering fog-fever-like respiratory disease as a 'syndrome' having more than one etiology rather than a single entity (Michel 1954 ). An excellent review of the literature of the history and occurrence of bovine pulmonary emphysema has been made by Maki (1963) .
Epidemiological Forms of Fog Fever
The fog fever syndrome occurs in several major epidemiological forms, the classical picture in this country appearing in the late summer and autumn months in adult cattle recently transferred to graze on lush wet pastures, such as foggage, after a period on sparser grazing. The corresponding type in the United States is seen particularly in the Western States when cattle are moved in the fall from dry mountain pastures to lower, irrigated fields.
Symptoms similar to those seen in classical fog fever occur in 'husk' or parasitic bronchitis caused by the cattle lungworm Dictyocaulus viviparus, and other lungworms or migrating parasites, not necessarily specific for cattle, may also cause respiratory disease of this type.
A fog-fever-like condition which may run an acute or a chronic course, may affect younger animals, and may have a more insidious onset than the classical type, has been reported in housed cattle in this and other countries. Inhalation of dusts or spores has been attributed as the cause and this form of the disease has been compared with farmer's lung in man (Jenkins & Pepys 1965) .
Exposure of overfat cattle to smog or to environmental stress, especially at livestock shows held in industrial cities, has also been incriminated in outbreaks of acute respiratory distress. Other disease outbreaks have been associated with various special conditions of management, where animals have been exposed for example to inhalation of noxious gases such as oxides of nitrogen, to ingestion of mouldy feedstuffs, to feeding on green crops such as rape, kale or turnip tops, or to grazing on pastures where excessive growth of certain plants, such as the purple mint (Perillafrutescens) has been suspected as an tetiological factor.
Symptoms
In classical fog fever adult cattle become affected and manifest symptoms usually between four and twelve days after a change to fresh pasture. Several animals in a herd or group may become affected and prognosis depends upon the care taken in subsequent management.
Characteristically, onset of symptoms is acute, with a sudden attack of severe dyspncea during which the head is held extendcd; the tongue may be protruded and cyanosed, and at expiration there is emitted an almost pathognomonic grunting sound. Death may ensue rapidly or commonly occurs at 24-36 hours. In other cases the course is more protracted. Death may supervene after several days or there may be a slow spontaneous recovery. Signs of digestive d:sturbance may include ruminal atony and tympany. Coughing is a variable symptom. In the early stages temperature may remain normal or even be subnormal, but later may be elevated. Pulse rate is increased. Auscultation of the chest reveals adventitious sounds referable to pulmonary cedema and emphysema. Subcutaneous emphysema may develop along the neck, thorax and abdomen.
In chronic forms of the disease, particularly in that seen in housed animals, the onset may be is Fig insidious and recurrent episodes of respiratory embarrassment may occur over a period, even up to several years' duration. Coughing, loss of weight and reduction in milk yield may be more in evidence.
Pathology
The main lesions found at necropsy include edema of the larynx and petechial hkmorrhages with congestion in the mucosa of trachea and bronchi. White frothy exudate often occupies the major airways. Lungs are enlarged, heavy, often aedematous, dark in colour, and the imprint of 9 ; t:, OF >S ribs may remain on the surface. Partially collapsed and consolidated segments are separated by interlobular septa dilated with gelatinous aedema and interstitial emphysema (Fig 1) . Interstitial emphysematous bullk may form large caverns in the lungs. In contrast with other forms of bovine pneumonia and with localized collateral emphysema, all lobes of the lungs are affected in fog fever.
Emphysema frequently extends from the lungs into mediastinum and peritoneum, to the mediastinal and bronchial lymph nodes (Fig 2) , and through the thoracic inlet into subcutaneous tissues. Other organs may show acute passive congestion and in some cases there is hepatic necrosis and gall-bladder enlargement.
Histopathology
In animals dying or slaughtered soon after the onset of symptoms lungs may be affected by pulmonary congestion, acute alveolar cedema and alveolar and interstitial emphysema. Commonly, in animals that die after an illness of about twenty-four hours an outstanding feature is the occurrence of hyaline membranes that form a thick eosinophilic lining film in alveoli and alveolar ducts (Fig 3) . Alveolar cells, leucocytes, and multinucleate cells contribute to alveolar catarrh and there is variable infiltration by eosinophils in interstitital connective tissue and interlobular septa. Degenerative changes and nuclear depolarization may be seen in hypertrophied pulmonary arterioles, changes that have been attributed to acute pulmonary hypertension.
Concurrent with hyaline membranes, and then succeeding this lesion, proliferation of alveolar epithelial cells results in squamous or cuboidal epithelialization of alveoli (Fig 4) . Mitoses in the proliferating cells are numerous, cells are hyperchromatic, and rapid cellular division gives rise to buds of cells protruding into alveolar lumina. Globular leucocytes, common in epithelia in parasitism, are often found in the bronchial epithelium. In later stages infiltration by lymphocytes and plasma cells occurs and there is thickening of alveolar walls, increase in the amount of reticulin, and fibrosis. Emphysema of the thoracic lymph nodes may be accompanied by macrophage and giant cell reaction. Centrilobular necrosis of the liver is not infrequently observed.
Aetiology and Experimental Reproduction Pasture: Barker was of the opinion that the pasture type of fog fever in this country was due to grass protein shock following sensitization by grazing on foggage, but this theory remains as yet unsubstantiated. In work in California (Moulton et al. 1961) skin tests were carried out on cattle recovered from the same form of disease but no specific reactions were obtained using antigens prepared from various grasscs or from rumen contents. Another theory suggested sensitization to the large numbers of mnigrating spiders and their gossamer, often present on incriminated pastures. Preformed toxins have been suspected, or alternatively the presence of mycotoxins from moulds on the herbage or in the soil. High pH of water and phosphorus deficiency of the soil have been mentioned as possible predisposing factors. Bacterial toxins such as those of Clostridium welchii have also been investigated on the basis that some forms of the disease may be referable to enterotoxaemia.
Experimental reproduction of the pasture type of the disease has been successfully attempted in the United States by deliberate movement of cows with their calves on to pastures known from past experience to possess emphysema-producing propensities (Tucker & Maki 1962) . Clinical symptoms developed in a number of cows but calves remained healthy. From one such experiment Griner (1963) made observations on the pathogenesis of some of the main histopathological changes. The successful outcome of these experiments has provided much information on the occurrence and pathogenesis of this type of fog fever but still does not explain the underlying etiological mechanism. Allergic pneumonia: One possible explanation is that the disease is some form of allergic pneumonia induced by inhalation or ingestion of a particular allergen. Acute local anaphylactic inflammation of the lungs has been produced in experimental animals, for example in rabbits made hypersensitive to purified egg albumen and then exposed to intranasal instillations of a solution of egg albumen (Cannon et al. 1941 ).
By a similar technique a fog-fever-like disease has been induced in cattle sensitized by intramuscular injections of ovalbumin in Freund's complete adjuvant (Dungworth 1965) . Precipitins and heat labile antibodies inducing skin sensitivity were produced and when the animals were exposed later to ovalbumin administered in different ways, including by aerosol inhalation, respiratory symptoms could be elicited and some animals died. Macroscopic and histological lesions in the lungs resembled those present in fog fever and included oedema, emphysema, hyaline membranes and epithelialization. Role of atmospheric or rumen gases: So-called pulmonary adenomatosis attributed to mouldy feeds (Monlux et al. 1953) , was thought to be associated with the fungus of 'charcoal rot' (Sclerotium bataticola). In studies on the same disease Seaton reasoned that its pathogenesis may revolve around the variable chemical constituents of food plants and the bacterial flora necessary for their digestion. Food plants and their seeds, high in nitrate content, may release toxic gases, especially nitrogen dioxide, during their digestion, and these being eructated and passing into the trachea and lungs (Dougherty et al. 1962 ) may cause respiratory symptoms. Oxides of nitrogen from silage or silo towers have been incriminated as a direct cause of the disease and experiments have shown (Seaton 1958 , Cutlip 1965 ) that the condition may be reproduced by NO2 administration. This form of the disease has been considered analogous to silo-filler's disease in man.
Parasitic infection as a cause offog fever: Especially in Britain, one of the main predisposing factors in fog fever has been considered to be lungworm infection, or possibly infection by other species of nematodes. Hudson (1951) noted that an unusual syndrome with sudden onset of dyspnoea and perhaps death occurred in some outbreaks of parasitic bronchitis and the lesions were thought to be similar to those of allergic pneumonitis. Skin tests were attempted using antigens made from adult lungworms but positive reactions were obtained only for a limited period of infection. Michel (1954) demonstrated that a similar fog-fever-type syndrome could be reproduced experimentally in calves and that it occurred at certain stages of primary infection or after reinfection. In episodes of the infection where fog fever symptoms appear, underlying lesions frequently include pulmonary cedema, hyaline membrane formation, and epithelialization (Jarrett et al. 1954) . Other reactions including tissue and blood eosinophil responses are important in lungworm hypersensitive animals (Jarrett & Sharp 1963 , Michel & Mackenzie 1965 and it appears that several immune or allergic mechanisms, through their pharmacological mediators, may play a part in causing fog fever.
Fog fever in housed cattle: Respiratory distress syndrome in cattle housed and exposed to dusts or spores may be on the increase in this country due to greater intensification in management practice. A similar indoor form of fog fever has been described in Switzerland in cattle housed during the winter months and the pathology of acute, subacute and chronic stages (Luginbuhl 1960) resembles that of cases seen in this country. Lesions include pulmonary cedema, dilatation of septal lymphatics and emphysema. Hyaline membranes develop together with cellular infiltration and desquamation. Epithelialization and interstitial fibrosis are pronounced in longstanding cases. Giant cells, asteroids in alveoli, or vegetable fragments in focal pulmonary granulomata may be much in evidence. Eosinophil infiltration in the walls of bronchi and trachea may be intensive. An interesting correlation between serological findings in farmer's lung in man and indoor fog fever in cattle has been described by Jenkins & Pepys (1965) who found that a high percentage of affected cattle gave positive precipitin reactions when their sera were tested against antigens prepared from mouldy hay or from cultures of thermophilic actinomycetes, antigens which are known to be associated with farmer's lung disease (Gregory & Lacey 1962 , Pepys et al. 1963 ). In the same series only one animal with fog fever of the pasture type was tested serologically and this proved negative. Fogfever in fat cattle due to smog or environmental stress: A fog-fever-like condition has occurred in fat cattle, for example those attending fat stock shows in industrial cities where they may be exposed to unaccustomed air pollution or be subjected to other forms of environmental stress. During the infamous London fog of 1952, 2% of the total cattle entries at a show were affected by respiratory embarrassment, 8 animals were slaughtered and 3 died.
While smog undoubtedly contributed to respiratory disease under such circumstances cases may also occur in its absence (Edgson 1965, personal communication) . Respiratory symptoms may develop in animals 24-36 hours after arrival at a show and it has been suggested that some stress factor, such as heat stress, may be involved (Fisher 1963) . Prevention of this form of the disease consists of regulating temperature (65-72°F, 18-22°C) controlling ventilation, reducing atmospheric dust from bedding, and giving immediate therapy with oxygen, diuretics and antibiotics to animals showing respiratory symptoms.
